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Description
FIELD OF THE INVENTION

[0001] The present disclosure relates to a photoelec-
tric conversion element and an optical sensor including
the same.

BACKGROUND OF THE INVENTION

[0002] Image sensors that capture an image of an ob-
jectand convert the image into an electric signal are used
not only in typical consumer electronic devices such as
phone cameras and portable camcorders, but also in
cameras mounted in security devices and robots. Such
an image sensor is in general a complementary metal
oxide semiconductor (CMOS)image sensorincluding sil-
icon and is manufactured by using a typical manufactur-
ing process, and thus, has excellent processability and
high reliability. However, recently, limitations of the
CMOS image sensor technology have emerged in appli-
cations such as bio-health, face recognition, fingerprint
recognition, and security services as it is not possible to
detect infrared (IR) regions via CMOS image sensors
that include silicon. For example, a Si-based image sen-
sor has a quantum efficiency of less than 30% in a near
infrared (NIR) region. This corresponds to a low illumi-
nation intensity of less than 50% with respect to a visible
light region.

[0003] Thus, research is being conducted into light-
receiving elements for receiving light of various wave-
length regions including an IR region with a high sensi-
tivity.

[0004] US 4806993A, US 2015/179844A and MANI-
JEH RAZEGHI: "Type Il superlattice enables high oper-
ating temperature", SPIE NEWSROOM, 25 October
2011 (2011-10-25), XP055532195 together with US
2004/142504A, disclose a photoelectric conversion ele-
ment according to the precharacterizing part of claim 1.

SUMMARY OF THE INVENTION

[0005] The invention is defined in the claims.

[0006] Provided are a photoelectric conversion ele-
ment and an optical sensor comprising thereof.

[0007] Additional aspects will be set forth in partin the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0008] In some example embodiments, the effective
band gap of the plurality of lattice stacks may be adjusted
according to a thickness of the second active layer.
[0009] In some example embodiments, a thickness of
the first active layer may be different than a thickness of
the second active layer.

[0010] In some example embodiments, a thickness of
the first active layer and a thickness of the second active
layer may each be in a range from about 1.0 nm to about
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3.5 nm.

[0011] In some example embodiments, the effective
band gap may be adjusted according to a type of the first
two-dimensional material and a type of the second two-
dimensional material.

[0012] In some example embodiments, the first two-
dimensional material and the second two-dimensional
material may each independently include one of MoS,,
MoSe,, MoTe,, WS,, WSe,, WTe,, ZrS,, ZrSe,, HfS,,
HfSe,, SnS,, SnSe,, VSe,, VTe,, VS,, VSe,, VTe,,
NBS,, NBSe,, NBTe,, TaS,, TaSe,, TaTe,, TiS,, TiSe,,
HiTe,, HfTe,, MoTe,, or WTe,.

[0013] Insome example embodiments, each of the first
two-dimensional material and the second two-dimen-
sional material may independently include one of per-
ovskite, metal halide, graphitic carbon, or graphene.
[0014] In some example embodiments, the effective
band gap may be adjusted according to a number of re-
peating lattice stacks in the plurality of lattice stacks.
[0015] In some example embodiments, a number of
the plurality of lattice stacks repeatedly stacked on top
of each other may be in a range of 3 to 100.

[0016] In some example embodiments, at least one of
the plurality of lattice stacks may further include a block-
ing layer between the first active layer and the second
active layer.

[0017] In some example embodiments, the effective
band gap of the plurality of lattice stacks may correspond
to an infrared region.

[0018] Insome example embodiments, the photoelec-
tric conversion element may further include a buffer layer
between the substrate and the plurality of lattice stacks.
[0019] Insome example embodiments, the photoelec-
tric conversion element may further include a passivation
layer on the plurality of lattice stacks.

[0020] The plurality of firstactive layers contact the plu-
rality of second active layers.

[0021] The effective band gap may be based on a dif-
ference between afirst energy level and a second energy
level. The firstenergy level may be between a conduction
band of the first two-dimensional material and a conduc-
tion band of the second two-dimensional material. The
second energy level may be between a valence band of
the first two-dimensional material and a valence band of
the second two-dimensional material.

[0022] Insome example embodiments, the photoelec-
tric conversion element may further include a plurality of
blocking layers arranged between the plurality of first ac-
tive layers and the plurality of second active layers.
[0023] The structure includes a plurality of heterojunc-
tions defined by the plurality of first active layers directly
contacting corresponding ones of the plurality of second
active layers.

[0024] According to some example embodiments ofin-
ventive concepts, an optical sensor includes at least one
of the above-described photoelectric conversion ele-
ments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of some example embodiments, taken in con-
junction with the accompanying drawings in which:

FIG. 1 is a schematic cross-sectional view of a pho-
toelectric conversion element according to some ex-
ample embodiments;

FIG. 2 illustrates a first active layer, a second active
layer, and a band gap energy according to a com-
parative example;

FIG. 3 illustrates a first active layer and a second
active layer, which form a hetero-junction structure,
and a band gap energy;

FIG. 4 illustrates a structure including a repeating
lattice stack and a band gap energy of the structure;
FIG. 5is a graph showing two-dimensional transition
metal dichalcogenide (TMD) materials and band gap
energies thereof;

FIG. 6 is a graph showing a Type-2 Super Lattice
(T2SL) material and a band gap energy thereof ac-
cording to a comparative example;

FIG. 7 is a graph showing a lattice constant of a two-
dimensional TMD material and a band gap energy
thereof;

FIG. 8 is a schematic view of an effective energy
band of a photoelectric conversion element accord-
ing to some example embodiments;

FIG. 9is a schematic view of a photoelectric conver-
sion element according to some example embodi-
ments;

FIG. 10 is a schematic view of a photoelectric con-
version elementaccording to some example embod-
iments; and

FIG. 11 is a schematic perspective view of an optical
sensor according to some example embodiments.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the presented
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects. Expressions such as "at least one of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0027] In the drawings, the widths or thicknesses of
layers or regions may be exaggerated for clarity and con-
venience in terms of description.

[0028] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
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skill in the art to which example embodiments belong. It
will be further understood that terms, such as those de-
fined in commonly-used dictionaries, should be interpret-
ed as having ameaning thatis consistent with their mean-
ing in the context of the relevant art and will not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.

[0029] While such terms as "first", "second", etc., may
be used to describe various components, such compo-
nents should notbe limited to the above terms. The above
terms are used only to distinguish one component from
another.

[0030] An expressionused in the singular form encom-
passes the expression in the plural form, unless it has a
clearly different meaning in the context. In the present
specification, it is to be understood that the terms such
as "including" or "having", etc., are intended to indicate
the existence of the components disclosed in the speci-
fication, and are not intended to preclude the possibility
that one or more components may added.

[0031] FIG. 1 is a schematic cross-sectional view of a
photoelectric conversion element 100 according to some
example embodiments. Referring to FIG. 1, the photoe-
lectric conversion element 100 may include a substrate
SUB and a plurality of lattice stacks ST1 through STn
including a first active layer AL1 and a second active
layer AL2.

[0032] The substrate SUB may support the plurality of
lattice stacks ST1 through STn. For example, the sub-
strate SUB may be a silicon substrate or a sapphire sub-
strate, but is not limited thereto. For example, the sub-
strate SUB may include, without limitation, at least one
of SiC, MgAl,O,4, MgO, LiAlO,, LiGaO,, or GaN.

[0033] Each of the plurality of lattice stacks ST1
through STn may include a first active layer AL1 and a
second active layer AL2. Hereinafter, description will fo-
cus on the first lattice stack ST1 for convenience of de-
scription, but the description applies commonly to all of
the plurality of lattice stacks ST1 through STn.

[0034] The first lattice stack ST1 may include the first
active layer AL1 and the second active layer AL2 that are
in contact with each other. The first active layer AL1 and
the second active layer AL2 may include different mate-
rials so as to form a hetero-junction structure. The first
active layer AL1 may include a first two-dimensional ma-
terial having a first band gap, and the second active layer
AL2 may include a second two-dimensional material hav-
ing a second band gap. Thefirstband gap and the second
band gap may not overlap each other. The first active
layer AL1 and the second active layer AL2 may be bond-
ed to each other and thus form a hetero-junction with an
effective band gap.

[0035] Thefirstactive layer AL1 mayinclude a firsttwo-
dimensional material. For example, the first two-dimen-
sional material may be selected from Group 1V, Group
or Group VI transition metal dichalcogenide (TMD) ma-
terials. For example, the first two-dimensional material
may include at least one of MoS,, MoSe,, MoTe,, WS,
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WSe,, WTe,, ZrS,, ZrSe,, HfS,, HfSe,, SnS,, SnSe,,
VSe,, VTey, VS,, VSey, VTe,, NBS,, NBSe,, NBTe,,
TaS,, TaSe,, TaTe,, TiS,, TiSe,, HiTe,, HfTe,, MoTe,,
or WTe,. In addition, the first two-dimensional material
may include one of perovskite, metal halide, graphitic
carbon, or graphene.

[0036] The second active layer AL2 may include a sec-
ond two-dimensional material. For example, the second
two-dimensional material may be selected from Group
IV, Group V, or Group VI TMD materials. For example,
the second two-dimensional material may include atleast
one of MoS,, MoSe,, MoTe,, WS,, WSe,, WTe,, ZrS,,
ZrSe,, HfS,, HfSe,, SnS,, SnSe,, VSe,, VTe,, VS,,
VSe,, VTe,, NBS,, NBSe,, NBTe,, TaS,, TaSe,, TaTe,,
TiS,, TiSe,, HiTe,, HfTe,, MoTe,, or WTe,. In addition,
the second two-dimensional material may include one of
perovskite, metal halide, graphitic carbon, or graphene.
[0037] A lattice stack formed by selecting Group IV,
Group V, or Group VI TMD materials as the first and
second two-dimensional materials and forming a hetero-
junction using the materials may have an effective band
gap that may be easy to adjust and may have high proc-
essability. In particular, a photoelectric conversion ele-
ment that uses a hetero-junction structure as described
above may be used to measure up to an infrared (IR)
region, and an effective band gap thereof may also be
adjusted even with a thickness of the lattice stack. Thus,
it is easy to design and process the photoelectric con-
version element. On the other hand, a photoelectric con-
version element formed of only a single two-dimensional
material has low processability and is likely to oxidize,
thus having low stability in the atmosphere. In addition,
a photoelectric conversion element that uses a quantum
dot detector requires a reaction that is suitable for proc-
esses and has low processability, and ligands and size
thereof are controlled three-dimensionally, and thus, itis
difficult to adjust an absorption rate of the photoelectric
conversion element. A graphene detector includes a
semi-metal material, and thus itis easy to adjust a wave-
length region of the graphene detector, but it is difficult
to control a current and an energy band gap thereof.
[0038] An effective band gap of a photoelectric con-
version element according to some example embodi-
ments will be described with reference to FIGS. 2 through
5.

[0039] FIG. 2illustrates a first active layer AL1, a sec-
ond active layer, AL2 and a band gap energy thereof
according to a comparative example. Referring to FIG.
2, a first band gap of the first active layer AL1 and a
second band gap of the second active layer AL2 of a
case when thefirstactive layer AL1 and the second active
layer AL2 are notin contact with each other areillustrated.
The first band gap of the first active layer AL1 may be
determined by a type of a first two-dimensional material
and a thickness of the first active layer AL1. The second
band gap of the second active layer AL2 may be deter-
mined by a type of a second two-dimensional material
and a thickness of the second active layer AL2.
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[0040] FIG. 3 illustrates a first active layer AL1 and a
second active layer AL2 which form a hetero-junction and
a band gap energy thereof. Referring to FIG. 3, an effec-
tive band gap is formed by forming a hetero-junction be-
tween the first active layer AL1 and the second active
layer AL2. When a lattice stack includes a hetero-junction
between the first active layer AL1 and the second active
layer AL2, factors affecting an effective band gap of the
lattice stack include a type of a first two-dimensional ma-
terial, a type of a second two-dimensional material, a
thickness of the first active layer AL1, and a thickness of
the second active layer AL2. For example, an energy
level Ee of a conduction band above the effective band
gap of the lattice stack is proportional to 1/(meLB2). An
energy level Eh below the effective band gap of the lattice
stack is proportional to 1/(mhLA2). LB refers to a thick-
ness of one of the first active layer AL1 and the second
active layer AL2 that has a lower band gap. LA denotes
a thickness of one of the first active layer AL1 and the
second active layer AL2 that has a higher band gap. For
example, LB may be a thickness of the second active
layer AL2, and LA may be a thickness of the first active
layer AL1, but are not limited thereto. LA and LB may be
different from each other. The thicknesses LA and LB
may be set to various values according to a desired ef-
fective band gap. For example, when an effective band
gap is to be formed in an IR region, the thicknesses LA
and LB may be set to be within a thickness range from
about 1.0 nm to about 3.5 nm.

[0041] FIG. 4 illustrates a structure including a repeat-
ing lattice stack and a band gap energy thereof. Referring
to FIG. 4, a plurality of lattice stacks ST1 through STn
may be repeatedly stacked. For example, the plurality of
lattice stacks ST1 through STn may form a multi-quantum
well (MQW). A width of an effective band gap may be
adjusted based on the number of times n that the plurality
of lattice stacks ST1 through STn are repeatedly stacked.
For example, if an effective band gap is to be formed in
an IR region, a number of times n of repeatedly stacking
the lattice stacks may be 3 to 100 times. For example, a
width of an effective band gap may be adjusted due to
wave-function interference among adjacent lattice stacks
from among the plurality of lattice stacks ST1 through
STn. For example, as the lattice stack are stacked on
one another, wave-function interference may occur
among first active layers AL1 or among second active
layers AL2 and change an energy level of the effective
band gap. For example, due to wave-function interfer-
ence among the first active layers AL1, an energy level
Ee’ of an upper conduction band of the effective band
gap may be proportional to 1/(meLB2) - 2t. Here, me
denotes an electron effective mass; LB denotes a thick-
ness of an active layer; and t denotes energy consumed
to transmit through an adjacent active layer. Referring to
FIG. 4, an energy level Ee of an upper conduction band
of the plurality of lattice stacks ST1 through STn may be
lower than the energy level Ee of the lattice stack ST1
and ST2 of FIG. 3 forming a hetero-junction.
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[0042] FIG.5isagraphshowingtwo-dimensional TMD
materials and band gap energies thereof. Referring to
FIG. 5, two-dimensional TMD materials of Group IV,
Group V, and Group VI and band gap energies thereof
are illustrated. For example, a first two-dimensional ma-
terial and a second two-dimensional material may be se-
lected fromthe Group IV, V, and VI two-dimensional TMD
materials. For example, an appropriate two-dimensional
TMD material may be selected according to an effective
band gap that corresponds to a wavelength of light to be
received by a photoelectric conversion element.

[0043] FIG.6is agraphshowinga Type 2 super lattice
(T2SL) material and a band gap energy thereof according
to a comparative example. FIG. 7 is a graph showing a
lattice constant of a two-dimensional TMD material and
a band gap energy thereof.

[0044] Referringto FIG. 6, when forming a lattice stack
by using a T2SL material according to the comparative
example, high processability may be provided. However,
when a lattice stack is formed of a T2SL material, unlike
when using a two-dimensional material, epitaxial growth
may be limited. Thus, process-related limitations may be
aroused in that a Group Il or Group V material has to be
selected as a substrate. In addition, as a T2SL material
has low stability in the air, a packaging operation that
uses a passivation layer may be required, which raises
the costs. In addition, to grow a T2SL material, an ex-
pensive molecular beam epitaxy (MBE) may be required
to form the device.

[0045] Referringto FIG. 7, when forming a lattice stack
by using a two-dimensional TMD material, forming limi-
tations may be less than inthe case when a T2SL material
is used. For example, a lattice stack including a two-di-
mensional TMD material may be epitaxially grown on a
substrate of various types. For example, the substrate
may include not only Group Il to IV materials but also
Si, SiO,, Ge, and other two-dimensional materials. In ad-
dition, when using a two-dimensional TMD material, a
lattice stack may be processed at a wafer level, and thus,
processability is high. Thatis, when forming a lattice stack
by using a two-dimensional TMD material, the process
of forming the lattice stack is compatible with typical Si
processes, thus allowing reduction of process costs.
When growing a lattice stack, a metal organic chemical
vapor deposition (MOCVD) device which is cheaper than
MBE device may be used. In addition, as described
above, bands to be sensed by using a lattice stack that
uses a two-dimensional TMD material as described
above may be adjusted. For example, bands to be
sensed may be easily adjusted based on diverse param-
eters (e.g., type and thickness of a material of the first
active layer, a type and thickness of a material of the
second active layer, and the number of times of repeat-
edly stacking lattice stacks).

[0046] Whenforming a lattice structure through hetero-
junction between the first active layer AL1 and the second
active layer AL2, in order to limit and/or prevent lattice
mismatch between the first active layer AL1 and the sec-
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ond active layer AL2, afirsttwo-dimensional material and
a second two-dimensional material having appropriate
lattice constants may be selected. As illustrated in FIG.
7, lattice constants of two-dimensional TMD materials do
not vary greatly. Thus, the first two-dimensional material
and the second two-dimensional material to be used to
form a lattice stack may be selected from the two-dimen-
sional TMD materials according to FIG. 7 relatively with-
out limitation. Accordingly, a high degree of freedom in
respect of processes may be provided.

[0047] FIG.8isaschematicview of an effective energy
band of a photoelectric conversion element according to
some example embodiments. The photoelectric conver-
sion element according to some example embodiments
is an example of designing a photoelectric conversion
element receiving light in an IR region including a near
infrared (NIR) region (0.75 um - 1 um), a short wavelength
infrared (SWIR) region (1 um - 2.5 um), and a medium
wavelengthinfrared (MWIR)region (3um-5um). In order
to form an energy gap around 0.2 eV, MoSe, may be
selected as the first two-dimensional material to form a
first active layer, and ZrS, may be selected as the second
two-dimensional material to form a second active layer.
For example, a photoelectric conversion element in
which the first active layer has a thickness of 2.1 nm and
MoSe, is selected as a first two-dimensional material,
and the second active layer has a thickness of 3.5 nm
and ZrS, is selected as a second two-dimensional ma-
terial, may have an effective band gap of 0.296 eV, and
may receive lightin an MWIR region and convert the light
into an electric signal. The number of times of repeatedly
stacking lattice stacks may be set to three to 100 times,
appropriately according to necessity regarding design
and adjusting of an effective band gap.

[0048] FIG. 9 is a schematic view of a photoelectric
conversion element 110 according to some example em-
bodiments. Referring to FIG. 9, the photoelectric conver-
sion element 110 may further include a buffer layer BL
on a substrate, and a passivation layer PV formed on an
upper surface of a lattice stack.

[0049] The buffer layer BL may be an electron conduc-
tive layer having similar characteristics as those of the
first lattice stack ST1. The buffer layer BL may be formed
of a material having an energy level of a hole conductive
layer of the first lattice stack ST1. For example, the buffer
layer BL may be formed of a two-dimensional TMD ma-
terial. The buffer layer BL may be formed by combining
a plurality of layers or gradually converting a material
composition according to necessity. The buffer layer BL
is not limited to particular materials and may be formed
of various materials.

[0050] The passivation layer PV may be formed on an
upper surface of a lattice stack to protect the photoelectric
conversion element 110 from external physical or chem-
ical damage. For example, the passivation layer PV may
encapsulate the lattice stack to limit and/or prevent oxi-
dization thereof. The passivation layer PV may be formed
of at least one of an oxide layer, polyimide, epoxy, or a
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silicon elastomer.

[0051] FIG. 10 is a schematic view of a photoelectric
conversion element 120 according to some example em-
bodiments. Referring to FIG. 10, the photoelectric con-
version element 120 may include a plurality of lattice
stacks ST1’ through STn’ that further include a blocking
layer X between a first active layer AL1 and a second
active layer AL2.

[0052] According to some example embodiments,
each of the plurality of lattice stacks ST1’ through STn’
may further include the blocking layer X between the first
active layer AL1 and the second active layer AL2. The
blocking layer X may be formed between the first active
layer AL1 and the second active layer AL2 to limit and/or
prevent a dark current. For example, the blocking layer
X may be formed of a two-dimensional layer, but is not
limited thereto. For example, the blocking layer X may
be formed of a material having a lower work function than
the first active layer AL1 and the second active layer AL2.
The blocking layer X may be a conductive film formed of
a conductive material, for example, a metal material.
[0053] A thickness of the blocking layer X may be ap-
propriately set based on thicknesses of the first active
layer AL1 and the second active layer AL2. For example,
the thickness of the blocking layer X may be smaller than
that of the first active layer AL1. For example, the thick-
ness of the blocking layer X may be smaller than that of
the second active layer AL2.

[0054] FIG. 11 is a schematic perspective view of an
optical sensor 200 according to some example embodi-
ments. The optical sensor 200 may include a plurality of
photoelectric conversion elements 100-1, 100-2, 100-3,
100-4, 100-5, and 100-6. The optical sensor 200 may
include one or more of the above-described photoelectric
conversion elements according to the example embodi-
ments, as described above with reference to FIGS. 1
through 10. For example, the optical sensor 200 may
include a plurality of photoelectric conversion elements
receiving light in an IR region so as to be used as an IR
sensor.

[0055] The optical sensor 200 according to some ex-
ample embodiments may receive particularly light in an
IR region, and thus may be applied to various fields that
sense an IR region, compared to a silicon CMOS image
sensor according to the related art. For example, the op-
tical sensor 200 according to some example embodi-
ments may be widely used in various application fields
such as, but not limited to, biotechnology, health, face
recognition, fingertip recognition, iris scanning, night vi-
sion or sensitivity adjustment.

[0056] Inaphotoelectric conversion element and/oran
optical sensor according to some example embodiments,
an effective band gap may be adjusted by using a hetero-
junction structure of a two-dimensional material.

[0057] The photoelectric conversion element and the
optical sensor according to some example embodiments
have a high sensitivity in a broad wavelength region in-
cluding an IR region.
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[0058] In the photoelectric conversion element and/or
the optical sensor, according to some example embodi-
ments, an effective band gap may be adjusted by adjust-
ing a type and thickness of a two-dimensional material,
and the number of times of repeatedly stacking the ma-
terial. Thus, design of the photoelectric conversion ele-
ment may be easy to modify and to apply for different
applications.

[0059] According to some example embodiments, the
photoelectric conversion element and/or the optical sen-
sor may be highly resistant to oxidation.

[0060] The photoelectric conversion element and the
optical sensor according to the present disclosure having
superior productivity.

[0061] It should be understood that the embodiments
described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in other embodiments.

[0062] While one or more embodiments have been de-
scribed with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes
in form and details may be made therein without depart-
ing from the scope as defined by the following claims.

Claims

1. A photoelectric conversion element (100) compris-
ing:

a substrate (SUB); and

a plurality of lattice stacks (ST1-STn) repeatedly
stacked on top of each other on the substrate
and configured to have an effective band gap,
the plurality of lattice stacks forming a multi-
quantum well, MQW, structure and each includ-
ing a first active layer (AL1) and a second active
layer (AL2) on the first active layer, a plurality of
heterojunctions being defined by the plurality of
firstactive layers directly contacting correspond-
ing ones of the plurality of second active layers,
the first active layer including a first two-dimen-
sional material having a first band gap, and the
second active layer including a second two-di-
mensional material having a second band gap
not overlapping the first band gap,

wherein the effective band gap of the plurality
of lattice stacks is based on a thickness of the
first active layer;

characterized in that the first two-dimensional
material and the second two-dimensional mate-
rial each independently include one of a Group
IV transition metal dichalcogenide, TMD, mate-
rial, a Group V TMD material, ora Group VI TMD
material.
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The photoelectric conversion element of claim 1,
wherein the effective band gap of the plurality of lat-
tice stacks (ST1-STn) is based on a thickness of the
second active layer (AL2).

The photoelectric conversion element of claim 1 or
2, wherein the effective band gap of the plurality of
lattice stacks (ST1-STn) corresponds to an infrared
region.

The photoelectric conversion element of any preced-
ing claim, wherein a thickness of the first active layer
(AL1) is different from a thickness of the second ac-
tive layer (AL2).

The photoelectric conversion element of any preced-
ing claim, wherein a thickness of the first active layer
(AL1) and a thickness of the second active layer
(AL2) are each in a range from 1.0 nm to 3.5 nm.

The photoelectric conversion element of any preced-
ing claim, wherein the effective band gap of the plu-
rality of lattice stacks (ST1-STn) is based on a type
of the first two-dimensional material and based on a
type of the second two-dimensional material.

The photoelectric conversion element of any preced-
ing claim, wherein the first two-dimensional material
and the second two-dimensional material each in-
dependently include one of MoS,, MoSe,, MoTe,,
WS,, WSe,, WTe,, ZrS,, ZrSe,, HfS,, HfSe,, SnS,,
SnSe,, VSe,, VTe,, VS, VSe; VTe,, NBS,,
NBSe,, NBTe,, TaS,, TaSe,, TaTe,, TiS,, TiSe,,
HiTe,, HfTe,, MoTe,, or WTe,.

The photoelectric conversion element of any preced-
ing claim, wherein each of the first two-dimensional
material and the second two-dimensional material
independently includes one of perovskite, metal hal-
ide, graphitic carbon, or graphene.

The photoelectric conversion element of any preced-
ing claim, wherein the effective band gap of the plu-
rality of lattice stacks (ST1-STn) is based on a
number of repeating lattice stacks in the plurality of
lattice stacks.

The photoelectric conversion element of any preced-
ing claim, wherein a number of the plurality of lattice
stacks (ST1-STn) repeatedly stacked on top of each
other is in a range of 3 to 100.

The photoelectric conversion element of any preced-
ing claim, wherein at least one of the plurality of lat-
tice stacks (ST1-STn) furtherincludes a blocking lay-
er (X) between the first active layer (AL1) and the
second active layer (AL2).
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12.

13.

14.

The photoelectric conversion element of any preced-
ing claim, further comprising: a buffer layer (BL) be-
tween the substrate (SUB) and the plurality of lattice
stacks (ST1-STn).

The photoelectric conversion element of any preced-
ing claim, further comprising: a passivation layer
(PV) on the plurality of lattice stacks.

An optical sensor (200) comprising:
at least one photoelectric conversion element (100)
according to any preceding claim.

Patentanspriiche

1.

Photoelektrisches Umwandlungselement (100), um-
fassend:

ein Substrat (SUB); und

eine Mehrzahl von Gitterstapeln (ST1-STn), die
wiederholt Gbereinander auf dem Substrat ge-
stapelt und so gestaltet sind, dass sie einen ef-
fektiven Bandabstand aufweisen;

wobei die Mehrzahl von Gitterstapeln eine Multi-
Quantum Well-, MQW, Struktur bilden, und wo-
bei sie jeweils eine erste aktive Schicht (AL1)
und eine zweite aktive Schicht (AL2) auf derers-
ten aktiven Schicht aufweisen, wobei eine Mehr-
zahl von Heteroiibergdngen durch die Mehrzahl
erster aktiver Schichten definiert ist, welche ent-
sprechende der Mehrzahl zweiter aktiver
Schichten beriihren;

wobei die erste aktive Schicht ein erstes zwei-
dimensionales Material mit einem ersten
Bandabstand aufweist, und wobei die zweite ak-
tive Schicht ein zweites zweidimensionales Ma-
terial mit einem zweiten Bandabstand aufweist,
der den ersten Bandabstand nicht iberlappt;
wobei der effektive Bandabstand der Mehrzahl
von Gitterstapeln auf einer Dicke der ersten ak-
tiven Schicht basiert;

dadurch gekennzeichnet, dass das erste
zweidimensionale Material und das zweite zwei-
dimensionale Material jeweils unabhangig eines
der folgenden aufweisen: ein Ubergangsmetall-
Dichalkogenid-, TMD, Material der Gruppe 1V,
ein TMD-Material der Gruppe V oder ein TMD-
Material der Gruppe VI.

Photoelektrisches Umwandlungselement nach An-
spruch 1, wobei der effektive Bandabstand der Mehr-
zahl von Gitterstapeln (ST1-STn) auf einer Dicke der
zweiten aktiven Schicht (AL2) basiert.

Photoelektrisches Umwandlungselement nach An-
spruch 1 oder 2, wobei der effektive Bandabstand
der Mehrzahl von Gitterstapeln (ST1-STn) einem In-



10.

1.

12.

13 EP 3 432 364 B1 14

frarotbereich entspricht.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei sich eine
Dicke der ersten aktiven Schicht (AL1) von einer Di-
cke der zweiten aktiven Schicht (AL2) unterscheidet.

Photoelektrisches Umwandlungselement nach ei-
nemder vorstehenden Anspriiche, wobei eine Dicke
der ersten aktiven Schicht (AL1) und eine Dicke der
zweiten aktiven Schicht (AL2) jeweils in einem Be-
reich von 1,0 nm bis 3,5 nm liegt.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei der effek-
tive Bandabstand der Mehrzahl von Gitterstapeln
(ST1-STn) auf einem Typ des ersten zweidimensi-
onalen Materials und auf einem Typ des zweiten
zweidimensionalen Materials basiert.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei das erste
zweidimensionale Material und das zweite zweidi-
mensionale Material jeweils unabhangig eines der
folgenden aufweisen: MoS,, MoSe,, MoTe,, WS,
WSe,, WTe,, ZrS,, ZrSe,, HfS,, HfSe,, SnS,,
SnSe,, VSe,, VTe,, VS, VSe; VTe,, NBS,,
NBSe,, NBTe,, TaS,, TaSe,, TaTe,, TiS,, TiSe,,
HiTe,, HfTe,, MoTe2 oder WTe,.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei das erste
zweidimensionale Material und das zweite zweidi-
mensionale Material jeweils unabhangig eines der
folgenden aufweisen: Perovskit, Metallhalid, Gra-
phitkohle oder Graphen.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei der effek-
tive Bandabstand der Mehrzahl von Gitterstapeln
(ST1-STn) auf einer Anzahl sich wiederholender Git-
terstapel in der Mehrzahl von Gitterstapeln basiert.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei eine An-
zahl der Mehrzahl von Gitterstapeln (ST1-STn), die
wiederholt aufeinander gestapelt sind, in einem Be-
reich von 3 bis 100 liegt.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, wobei mindes-
tens einer der Mehrzahl von Gitterstapeln (ST1-STn)
ferner eine Sperrschicht (X) zwischen der ersten ak-
tiven Schicht (AL1) und der zweiten aktiven Schicht
(AL2) aufweist.

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, ferner umfas-
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13.

14.

send: eine Pufferschicht (BL) zwischen dem Subst-
rat (SUB) und der Mehrzahl von Gitterstapeln (ST1-
STn).

Photoelektrisches Umwandlungselement nach ei-
nem der vorstehenden Anspriiche, ferner umfas-
send: eine Passivierungsschicht (PV) auf der Mehr-
zahl von Gitterstapeln.

Optischer Sensor (200), umfassend:

mindestens ein photoelektrisches Umwandlungse-
lement (100) nach einem der vorstehenden Ansprii-
che.

Revendications

1.

Elément de conversion photoélectrique (100),
comprenant :

un substrat (SUB) ; et

une pluralité de piles en ftreillis (ST1-STn) em-
pilées de maniére répétée les unes sur les
autres sur le substrat et congues pour avoir une
bande interdite efficace,

la pluralité de piles en treillis formant une struc-
ture a puits quantiques multiples, MQW, et com-
prenant chacun une premiére couche active
(AL1) et une seconde couche active (AL2) sur
la premiére couche active, une pluralité d’hété-
rojonctions étant définie par la pluralité de pre-
miéeres couches actives en contact direct avec
les couches correspondantes de la pluralité de
secondes couches actives,

la premiére couche active comprenant un pre-
mier matériau bidimensionnel ayant une pre-
miére bande interdite, et la seconde couche ac-
tive comprenant un second matériau bidimen-
sionnel ayant une seconde bande interdite ne
chevauchant pas la premiere bande interdite,
la bande interdite efficace de la pluralité de piles
en treillis étant basée sur une épaisseur de la
premiére couche active ;

caractérisé en ce que le premier matériau bi-
dimensionnel et le second matériau bidimen-
sionnel comprennent chacun indépendamment
I'un d’un matériau de dichalcogénure de métal
de transition, TMD, du groupe IV, d’un matériau
TMD du groupe V ou d'un matériau TMD du
groupe VI.

Elément de conversion photoélectrique selon la re-
vendication 1, la bande interdite efficace de la plu-
ralité de piles en treillis (ST1-STn) étant basée sur
une épaisseur de la seconde couche active (AL2).

Elément de conversion photoélectrique selon la re-
vendication 1 ou 2, la bande interdite efficace de la
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pluralité de piles en treillis (ST1-STn) correspondant
a une région infrarouge.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, une
épaisseur de la premiére couche active (AL1) étant
différente d’'une épaisseur de la seconde couche ac-
tive (AL2).

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, une
épaisseur de la premiére couche active (AL1) etune
épaisseur de la seconde couche active (AL2) étant
chacune dans une plage comprise entre 1,0 nm et
3,5 nm.

Elément de conversion photoélectrique selon I'une
quelconque des revendications, la bande interdite
efficace de la pluralité de piles en treillis (ST1-STn)
étant basée sur un type du premier matériau bidi-
mensionnel etbasée surun type du second matériau
bidimensionnel.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, le pre-
mier matériau bidimensionnel et le second matériau
bidimensionnel comprenant chacun indépendam-
ment MoS,, MoSe,, MoTe,, WS,, WSe2, WTe,,
ZrS,, ZrSey, HfS,, HfSe,, SnS,, SnSe,, VSe,, VTe,,
VS,, VSe,, VTe, NBS,, NBSe,, NBTe,, TaS,,
TaSe,, TaTe,, TiS,, TiSe,, HiTe,, HfTey, MoTe,, ou
WTe,.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, cha-
cun du premier matériau bidimensionnel et du se-
cond matériau bidimensionnel comprenantindépen-
damment du pérovskite, de 'halogénure métallique,
du carbone graphitique ou du graphéne.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, laban-
de interdite efficace de la pluralité de piles en treillis
(ST1-STn) étant basée sur un nombre de piles en
treillis répétitives dans la pluralité de piles en treillis.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, un
nombre de la pluralité de piles en treillis (ST1-STn)
empilées de maniere répétée les unes surles autres
se situant dans une plage comprise entre 3 et 100.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, au
moins I'une de la pluralité de piles en treillis (ST1-
STn) comprenant en outre une couche de blocage
(X) entre la premiere couche active (AL1) et la se-
conde couche active (AL2).
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12.

13.

14.

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, com-
prenant en outre : une couche tampon (BL) entre le
substrat (SUB) et la pluralité de piles en treillis (ST1-
STn).

Elément de conversion photoélectrique selon I'une
quelconque des revendications précédentes, com-
prenant en outre : une couche de passivation (PV)
sur la pluralité de piles en treillis.

Capteur optique (200) comprenant :

au moins un élément de conversion photoélectrique
(100) selon l'une quelconque des revendications
précédentes.
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